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ABSTTJICT

The complexiti~s of the s-shell A-hypernuclei
(AL 5) are explored. Difficulties associated with
attempts to describe the hyperon-nucleon (YN) inter-
action in ail such A-hypernuciei by simple,
effective Ap and An potentials are examined. The
●xplicit A dependence of the effective YN inter-
action due to AN-ZN coupling and isospin differ-
ences among the ‘nuclear core’ states is investi-
gated. The nuces~icy of usi~.g exact four-body
theory to calculate small charge-synnnetry-breaking
effects (in the A-4 system) using I,N potentials
fitted to free AN scattering data is emphasized,
Fossible use of s-shell hyparnuclear binding
energies to heip diotin8uish ●mong candidate YN
potential parameterizations ie diec,useed,

I. INTl@DllCTION

The light (u-shell) hypernuclel provide a unique opportunity for the in-

depth utudy of few-body bound stateh! of baryons other than just the neutron and

proton as well ae u k“ich ecurce of information ●bout the banic hyperon-nucleon

(YN) force. The hypertr:lton (~11) binding energy placee important reatriccions

upon the etrength of the dominant ●pin-ein~let component of the AN-ZN interaction.
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The A=4 iaodoublet ground state energies are not confllatent with a charge sym-

metry hypothesis for the YN interaction. The A=4 (spin-flip) excited states are

very sensitive to the AN-ZN coupling in the spin-triplet chmnel. The anoma-

lously small ground state binding energy of
5
*He provides important information

about the strength of the basic AN component of the YN force as well as the

size of the tensor coupling in the triplet channel. (The ground and excited
6

‘tates ‘f AA
He, the only tripley closed le-shell nucleus known, should provide

useful knowledge about the AA force and the poaBible exietence of a di-A;

unfortunately the data are very limited.)

In this brief report, we wish to emphasize a few of the interesting a~pects

of ‘exact’ calculation for the A=2,3,4,5 A-hypernuclei: 1) Simple effective

force models of the AN potential (neglecting explicit A-Z conversion) fitted to

free AN scattering data are not valid except (with minor caveats) for the A-3

and 4 ground atatea. 2) The small size of the charge-symmetry-breaking (CSB)

energy difference in the A-4 ground state isodoublet requires exact 4-body

calculations in order to utilize or extract information about the nature of the

CSB aspect of the YN force. 3) The tensor nature of the nucleon-nucleon (NN)

~pin-triplet force is important and should be included in meaningful hypernuclear

calculation, 4) The ‘ziuppreaaion’, that results frcm the reduced strength of

the AN-ZN coupling potential when the trinucleon core is restricted to lsospin

T=l/2, is significant in under~tonding the excitation e!:ergy between the ground

and first excited states in the A-4 system. 5) Extension of this idea to the

A=5 hypernucleua, which is built upon a strongly bound T=O nuclear ‘core’,

indicates why one should expect nn anomnly In the
5
*He bjllcling. 6) A combination

of model calculations for A=3,4,5 A-hypernuclei should help one di~criminnte

among varioua proposed OBE model parametrization of the YN force.

We discuss firat the YN two-body interaction aa u simple AN effoctivc iorca

model and aa a coupled AN-XN system. Our ueQ of th~ eeparable potential approxi-

mation la ●xplained, We then di~cus~ in order the A=3, 4, and S hypernl!c16ar

systems. We close with a brief summary.

11. THE YN INTERACTION

Lack of precinion datn on YN ncatt (ring im a oevere limitntlon in our

characterization of that interaction, Couragaoua •ffor~s h~w been made to

parametrize potentials using 1) a combined analysia of all of t%e existing YN

dat,l and tbe extensive NN datn and 2) varioun [ynmwtry aanumptivna concerning



meson coupling in an OBE potential model of the YN and NN interactions. 1-4 We

shall con~ider the consequences of some of these modele

but first we examine the mcdel that results when the YN

independent of explicit AN-EN coupling. Thiai model ha~

in the literature in e-shell hypernuclear ~tudies.

in the following

force LB assumed

been extenalvely

eectiona,

to be

employed

Such e phenomenological approach 1s baaed upon ~he following spin-i~oepin

decomposition of the effective AN central potential (neglecting for the moment

any CSB difference between Ap and An interaction.s):

where it has been assumed that the singlet interaction IS atrunger than the

triplet interaction.
5,6

Here, the YN eubacript indicatee that the potential dea-

cribee the general hyperon-nucleon (AN-ZN) interaction. Implicit in the above
7

effective potential description iB the assumption that the AN-ZN coupling in t;le

YN interaction is identical in each system regardless of the isoapin of the (.4-1)

nucleone forming the nuclear ‘core’; i.e., one has assumed that the 2x2 matrix

potential

cm be represented by a unique effective one-channel potential ~~N f~r A=2,3,4,5.

Such la not the case.

Let un define the free interaction to be of the form

(WQ note that the AN ●lastic scattering ie dominated by the triplet interaction,

sinca o = ( a’ + 3ot)/4.) For the ~H system, where the np pair ie rantricted to

be in the S-l,T-O ‘dellteron’ ntate, tbo relevant potentials are
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i.e. , there 16 no A-X conversion unleaa one allows for the np T-1 ‘excited’ state

in the formalism. ~.is Is a consequence of the T-O nature Gf the
3
AH ground state

( the A and the deuteron each being T-O objects); the Z has T-1 and must couple

to the T-l ~inglet np state to produce a hypernucleue with total T=O. For the

A=4 hypernuclei, the J“-O+ ground state potentials are

+
and the Jfi=l excited state potentials are

(see for example. Refs.8 ard 9). In neither case is the coupling of the A-Z

system t? a composite T=l/2 object the same as is the coupling to an elementary

nucleon constituent. The singlet potential differs from the free interaction in

the A=4 ground state. The triplet potential differs from the free interaction in

the A-4 excited state. In each case the AN-EN coupling etrength ?a reduced,——

weukenjng the YN interaction relative to its free strength. For tile ~He system,

the aiituation ibI similar to ?hac encountered with the hypertriton. A T-O,Smo

assur,lption for the four-nucleon ‘core’ (the alpha particle is bound by 28 MeV)

leads to potentials of the came fotm as in the case of ;H:

l.c., there in again no AN-IN coupling unless onc allowe for ●ven parity, T-l

‘excited’ rntateu of the alph{i-like core in tbe formalism. 10 (Note that this does

not mean that WQ assume a rigid, non-dietotted alpha-core model; however, the

formalism must be extended if coupling of T-1 and T=O four-nucleon states ie to

be permitted,)

It is claar tlllt & principlg the YN intaractiorio acting in ●ach of the five

aybtema (AN, :H, :H, :H*, and ~He) cannot be represented by ~ingle, unique u~N



-t 11
and ‘AN

effective potentials. In practice, one find~ experimentally that V~=O,

EJO that effective potential representation of the free YN interactions IIS

&(fH) = V;N(AN‘reasonable’ when dealing with the A=4 ground statea, where V

scattering). However, the triplet interactions involved in ~H, ~H*,
3

and He

calculations differ from the free case (i.e., the coefficient of V~ 18 not uclty

aa ifi free scattering), and the free effective triplet potential ?~N should not

be used in tho$e calculation.
73

AH is a pnnsible exception since the AN inter-

action in that ground state IS 3/4 singlet and V~=O experimentally. The im-

portance of including AN-ZN coupling in calculations involving thene hypernuclei

hae been previously notel; ace, for example, Refa. 8,9,12,13, and 14.

In the numerical calculations referred to below, we assume that effective

AN interactions ~~~t (i.e., one-channel AN potentials determined from the free

AN scattering parameters) can bc used to describe the coupled AN-ZN hyperon-

nucleon ~ystem. Thus, we are restricted to estimates of the 3HA , ~H and
4
AHe

ground-etate energies. AB just noted, thie is not an entirely correct procedure

in the case of ~H; however, since the average AN interaction 16 3/4 singlet and

only 1/4 triplet , and eince the binding ie weak , we shall assume that the error

produced by thie procedure la mall. We shall also neglect in the
3
AH case the

~eneor nature of the t,N triplet force, which tends to compensate for our neglect
14

of explicit AN-IN couplinR in that channel,

We uae a separable potential repreaientation of both the NN and YN Intef.

actionm in all of our numerical calculations in order to have n consistent model

with which to carry aut the exact 4-body calculations. We uae rank one potentials

of the form

‘ivi -- figi(i) !31!0) ,1 -S, t ,

2 -1
where gi = (k* ~ 61) if there is no tensor component and whete

Rt = .9C + k ~T

d

6C - (k2 + 6:)-1

8~ = cTk2(k2+ 0;)-2

‘ij =3:i”i:j”i .. :+
I*QJ

in the case of a tensor force in the spin-triplet channel. The quantity IJ 1s the

appropriate two-body reduced mans. The low-energy AN scattering paramctare which

we use to determine our eeparable-potenttal pdramettrs are listed in Table 1.
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TABLE I.

The AN scattering lengths and effective
ranges in fm for the YN potential models A-F.

8 B t t B t

Model Ref. a;n ‘;n%&&k .——— ‘An aAn——

A 1 -2.16 2.03 -1.32 2.31 -2.67 2.04 -1.02 2.55

B 2 -2.11 3.19 -1.88 3.16 -2.47 3.09 -1.66 3.33

D 3 -1.77 3.78 -2.06 3.18 -2.03 3.66 -1.84 3.32

F 4 -2.18 3.19 -1.93 3.35 -2.40 3.15 -1.84 3.37

TABLE II.

Separable potential parameters and
properties for the NN interactions.

sPin Model(ref.) ai(fm) ri(fm)
PD Q(fm2) Ai(fm-3) Bi(fm-]) {~ t3~(fm-1)

.— . . — — .—

t GL(16) 5.423 1.761 G. - 0.3815 1.406 0.

t P4(15) 5.397 1.727 0.04 0.282 0.24310 1.3134 1.6894 1.5283

t P7(15) 5.397 1.722 0.07 1).2ti3 6.14297 1.2412 4.4949 1.9476

s GL(16) -17.0 2,84 - - 0.1323 1.130 -

TABLE 111.

Hypcrtriton A-separation energy in MeV for YN modele
A-F as a function of PD in the np triplet interaction.

YN Model CL ‘4 ‘1—— ——

A 0.90 0.56 0.35

B 0.37 0.22 0.13

D 0.12 O.otl 0.03

F 0.3/ 0.23 0,13



These are taken from the meson exchange theoretic potential developed by Nagels,

Rijken, and deSwnrt.
1-4

Maas differences in the isomultiplets as well as

aymnetry breaking exchanges were included in a combined analyaila of NN, Ap. X*P,

etc. data. The NN low energy acactering parameters aa well as resulting po-

tential parameters are li~ted in Table II.
15,16

III. THE HYFERTRITON

3*H (J” =0+, T=O) la the lightest of the bound hypernuclei having a A-sepa-

ration energy BA = B(~H) - B(2H) = 0.13 fO.05 MeV.17 Because the A-bind@ is

weak, it was originally assumed that the loose structure would make B, %wenaitive
.,

to the short range (high-momentum) character of the YN force and the tensor
12

nature of the triplet component. AE noted above, we also assumed that explicit

AN-IN coupling could be omitted since it was included implicitly by usin~ the

physical low-energy AN scattering parameters to construct the potentials. It was

later pointed out that, while repulsion in the YN force and explicit AN-XN

coupling were not large effects, neglecting the tensor nature of the np triplet

force was a significant omission.
18

Because the average AN interaction la 3/4

singlet, we have neglected the tensor nature of the AN triplet interaction. This

tends to slighty overestimate BA but should be compensated for by our neglect of

explicit AN-L14 coupling in that channel which tends to underestimate BA.12,14

The fact that there la little or no AN-ZN coupling in the dominant singlet YN

Ir,teraction should ensure that our model calculation are reaaonahle. 11 We

summarize in Table III values of BA(~H) for the various YN potentials models with

and without including the explicit tensor force nature of the np spin-triplet

force. (For details of the equations used, see Refs. 12 and 19.)

Model A clearly overbinda
3
*H regardless of the np triplet force used. This

is a result of the comparatively small valuea (: 2.5 fm) for the ●ffective ranges

of the AN potentials in that model, as noted in Ref. 12. Although the value of

BA differs among models B,D, and P by 0.1-0.2 MeV, none of these modele 10 obvi-

ously incorrect. (BA for PD=C is not considered to be realistic, and we do not

couslder BA for model D to lie significantly outmide the experim{’ntal limits.)

The BA from model D are systematically smaller than those of models B and F,

because the average (3/4 singlet plu~ 1/4 triplet) effective range in larger;
20

‘o ‘ 10
‘ implies B3 < B3’. Models B and F produce very similar values of BA

becausa their ●verage singlet scattering 1 ngths and ●ffective ranges are

similar; they would produce different valueo of ABA in the ~He-~H ieodoublet

7
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system where differences in the Ap and An triplet

ranges are significant.

A recent estimate of BA using a aum of local

scattering lengths and effective

Yukawa forms (including short

range repulsion) to represent the mdel F AN interaction and the Reid-soft-

core potential for the np triplet interaction by Narumi, Ogawa, and Sunami gave a
21

value of 0.17 MeV. This agrees very well with our 0.13 MeV estimate for model

F using an np potential model with PD _ 7%, and it lend~ credence to the acceptsd

use of rank one separable potentials to represent baryon-baryon interactions

phenomenologically. The agreement here and for the well known case of the triton

illustrates the point that the important aspects of the interactions for relative-

ly weakly bound systeme

short range behavior of

Iv. THE A-4 ISODOUBLET

are the low-energy scattering parameters and not the

nor the off-shell behavior genersted by the potentials.

The latest experimental estimates of the A-separation energies for these

J“ = 0+ ground ~tates are 17

BA(4He) = B(4He) - B(3He) = 2.42 t 0.04 MeV
I i -B(3H)

BA(,lH) = B(AH) = 2.08 i 0.06 MeV .

Because we do not solve the complete set of tensor force equations for each model

(we treaz the YN triplet potentials in a central force approximation and use the

truncated t-matrix approximation
22

for the NN triplet force), we consider the

A-separation energy difference ABA = 0.34 t 0.07 MeV to be a better measure of

❑edel consistency. This ABA reflecte true charge symmetry breaking in the YN

interaction; simple considerations of Coulomb energies in the A-3 and 4 nuclear

systems suggest that ABC
4

A, the additional Coulomb energy in AHe due to compression
,3

He core’,
23

of the i9 small and uf opposite sign. It is this Coulomb corrected

quantity ABA = 0.36 MeV that we estimate for each of the YN potentials defined by

the low-energy scattering parameters in Table I.

The exact coupled two-variable integral equations that ❑ ust be solved for

the A-4 hypernuclear problem when the NN and YN interactions are represented by

separable potentials are described in detail in kef. 24, The integral equations

are solved numerically without resort to separable expansions of the kernels.

The result:ng solutions poseess the characteristics of true few-body calculations:

for an attractive potential with a negative scattering length, [al > Ia’1 implies

that V ia ❑ ore attractive than V’ in two-body, th~ee-body, and four-body

8



calculations, whereas r > r’ implies that V is more attractive than V’ in a two-

body calculation, but les? attractive in three-body and four-body c~lculations.

Even though this picture is an oversimplification in terms of scattering length

and effective range, it is possible to understand ABA from each of the models in

Table I qualitatively in terms of the low-energy scattering parameters of the

various u.ode~ ?.

In our numerical calculations, -S,twe assume that effective AN interactions V
AN

(i.e., one channel AN potentials determined from the free AN scattering parame-

ters) can be used to describe the coupled AN-ZN hyperon-nucleon system. As noted

above, this can be justified for the J“ = O+
ground state (but not for the J“ =

1+ excited states), where the triplet interaction is unmodified from its free

form

. .

‘;<(: ::)“N-
Since V; = O in the singlet interaction,

(
1 “s

‘:N ‘~ XN

‘;N = )=F;N
1 “s

‘? XN
V;N

is also a good approximation. Thus , the effects of A-Z conversion opon the AN

potential parameters, including charge symmetry breaking due to ❑ eson mixing,

Zf’o mass differences, etc., are taken intc account implicitly, but there are no
24explicit Z-channels in the calculation.

The Ap and An potential averages appropriate to 4
AHe and ~H are

4
AHe: V~N = Vt

Ap
4 tAH: t = VAn

‘AN

+~vs
V:N - $ V;P

3 An
v:N.;v:n+

Instead of using the two potential formula to obtain the required

: ‘:p ‘

potentials, we

used the excellent approx~.mation of scattering length and effective range averages

-1 1 -1
aAN

= j aAp + ; a;:

1 +?
‘AN - ~ ‘Ap 3 ‘An

to parametrize the AN singlet interaction, etc. The resulting potenti~l

9



paramett’rs are listed in Table IV. The NN potential parameters for the model

calculations were chosen to be the P7 model; the triton binding energy lB 7.05

MeV in the truncated t-matrix approximation which Is only 7% below the complete
22

model result.

The results of

lated in Table V.
25

potentials, most of

our ~He-~H binding energy difference calculations are tabu-

Because the singlet potentials are averages of An and Ap

the charge symmetry breaking results from the triplet inter-

action differences (see Table IV). It is clear that differences betwep’ triplet
4

scattering lengths and effective ran~es for the *He and ~H systems are very

similar for ❑odels B and D. Thus one anticipates similar values of ABA for

models B and D, and these values are not inconsistent with experiment. Model A

has an even larger difference in scattering length values (Aa - -0.3 fm vs.

-0.2 fm for models B and D) and effective range values ( r - -0.25 fm vs. -0.1.5

fm) . Hence ABA for model A is expected to be larger than that for models B and D,

as is the case; it is probably outside the limits set by the ex~erimental values.

The perhaps surprisingly large model A value of ABA results from the small values

of the effective ranges in that model, which produce large values of B,,(~He)

and enhance CSB differences. We pointed out above that these small effective

ranges of the model A singlet interactions are primarily responsible for the

value of B (3H) being inconsistent with experiment.
AA

It is clear from the ef-

fective ranges in Table I that model F is a much more charge symmetric model than

models A,B, or D, In fact, the model F ~He and ~H scattering lengths and ef-

fective ranges in Table IV show very little difference between the two singlet

sets or the two triplet sets. Thus , one anticipates a small vklue of ABA, one

which is too small to be consistent with the experimental bin{ing energy differ-

ence.

Since we have used a central potential approximation in representing the AN

~riplet interaction, de have overestimated ABA for each of the models. Although
24

this is a non-negligible effect, we have previously shown that it would not

alter the conclusions drawn above and that it would bring our model D result Into

closer agreement with the experimental value of ABA = 0.36 MeV. We constructed

a tensor force YN triplet potential (of the same form as that of our np triplet

potential) fitted to the model D triplet phase shift and mixing parameter up to

laboratory momenta of 300 MeV/c. We made the same truncated t-matrix approxi-

mation in the complete set of 4-body equations as noted above for the NN channel,

Our estmate of ABA for model D waa reduced from 0.43 MeV to 0.37 MeV; see Ref. 24

10



Model

A

B

D

F

TABLE IV.

Potential parametrizations and their low energy properties
for the interactioil averages appropriate to each A-4 hypernucleus.

System

AN(~He)

AN(~H)

AN(~He)

AN( ~H)

AN(~Hc)

AN@)

AN(~He)

AN(;H)

Spin

s

t

a

t

s

t

s

t

s

t

s

t

s

t

s

t

A(fm-3)

0.4787

0.4348

0.4957

0.381,!?

0.1578

0.1670

0.1532

0.1542

0.1099

0.1581

0.1093

0.1484

0,1532

LI.1421

0.1525

0,1428

W!!3
1.8891

1.9660

1.9217

1.9608

1.3634

1.4229

1.3527

1.4128

1.2549

1.3846

1.2607

1.3785

1.3527

1.353i

1.3558

1.3632

NQ

-2.48

-1.32

-2.31

-1.02

-2.34

-1.88

-2.32

-1.66

-1.94

-2.06

-1.85

-1.84

-2.32

-1.93

-2.25

-1,84

TA8LE V.

The A=4 binding energy difference ABA for each of the YN
models discussed in the text in the central potential

approximation fnr the AN interaction.

ModlIl
ABA

—. .—

Z@!l

2.04

2.31

2.03

2.55

3.12

3.16

3.16

3.3:

3.70

3.18

3.74

3.32

3.16

3.35

3,18

3.37

A 1*J2

B 0.47

D 0.43

F 0.19

11



for detaile.

In the ~H and ~He-~H calculations diecuaeed, we have used exact few-body

equations based upon separable potential approximtiuns to the YN and NN inter-

actions. Could one have done as well for ABA with F. simpler effective 2-body

❑odel? The mswer is no. We have explicitly demonstrated this for one standard

2-body formaliem:
24

in the prccedure outlined by Dalitz and Downe
26

the 2-body AN

potentials are f~lded with the nuclear core density to produce a A- 3He (or A-3H)

effective 2-body p~tential which is then inoerted into the Schrodinger equation

to determine the A-separation energy. (Radial compression of th~ nuclear ccre

la eaeily accouunodated by altering the radiue of the core density. ) Using thie

formalism, we found ABA(2-body) to be between 0.21 and 0.24 MeV, depending upon

the core compre.scion permitted, for model D.
24

This 19 about 1/2 that obtained

(0.43 MeV) for model D using the exact 4-body theory and the identical AN

potentials. Thie can be understood in terms of the characteristics of true few-

body calculations outlined above and the scattering lengths and effective rangea

liazed in T-ible IV. For model D the ~He and ~H singlet scattering lengths and

effective ranges are very similar and contribute little to the CSB difference.

On the other hand, lat(~He)] > lat(~H)[ implies that ABA (with Ar~N=O) > 0,

whereas rt(~He) x rt(~H) implies that ABA(with Aa~N=t)) < 0 in an effective 2-bo4y

formalism but > 0 in an exact 4-body formalism. Thus, the model D Aa~N und Ar~N

produce compensating effects in an effective 2-body calculation but reinforce

each other in a true 4-body calculation,

The spin-flip J“Dl+ state energies are not calculable in terms of tttc free

interactiul~s unlesn one has coupled AN-ZN potentiala with which to work. While

the singlet potential IS the same in this case aa the free Vs~N (whether or not

V~”O), the equality does not hold for the triplet potential where

One must explicitly alter the coefficient of the V~N coupling potential and

recompute the effective ~t*N(A=4*) potential to use LII our one-channel, effactive

potential formaliam, The resultinp ~~N(A=4*) wiil be considerably weaker than
-t

‘ha ‘ree ‘AN’
In fact,

‘he ‘Se ‘f ‘;N
ir CfilC1’ldtlnU the binding energy of the

JIT=l+ states would result in the conclusion that these were the ground states of

the A=4 syotam and not the 0+’ atateeo Therefora, it is not poemible in simnle

12



model calculations to use the 0+ + 1+ transition energies to determine the epiri

dependence of the effective AN potentiul; a unique single-channel potential

representation ie net an adequar.e aeacription of the phyaica. I-euppreeaiun in

the A-4 excited states 18 a very important effczc.

v. THE ~He ANOMALY

The possibility that Z-euppreeeion (actually aupprpaaiun of the A-Z con-
5

version) is responsible for the anomalously smell ~,-separation energy in *He has

been the subject of speculation for some time,
2?

S$ell model and variationa15’6

estimates of BA(~He) are of the order of 5-6 MeV compared

value of appro::imately 3.1 MeV when one uses effective AN

fitted to the binding energy of
3 4
AH and the average of AHe

10wave function 1s actually of the form

to an ●xperimental 17

bpin-depev.~dent potenciala

and ~H. However, the

a{ [4He,T=O> x 1A ,TwO> }
T-O

+
T.()

b[ ]4He*,T=l> x [Z,T=l> } .

The even par~ty T=l states of
4

He have large excitation energies relative to the

ground state which should strongly Bupprcls the AN-EN coupling. The Imepin

structuro la very reminiscent of the hypertriton, where conversion of the A to

a Z requires that the Z couple to the d*(7=l) state of the np pair and not the

d(T=O) state in order that the total ieoepin of the
3AH system be T-O.

A first estimate of this is possible in a simple A=5 calculation. If one

aaaiumea that the T=O, four-nucleon core is the only allowed iao~pin state, then

one need only uae the V~N
t

‘lement ‘f ‘YN
in the calculation. The difference in

BA(~He) in that approximation compared to the same calculation using the ef-

fective potential approximation of the free interaction ~~N would provide an

upper .‘imit on the ●tfect of Z-suppression for a given potential model.

VI. CONCLUSIONS

In summary, we h:lve tested a-parable potential approximations to four of the

hy?eron-nucleon potential models of Nagels, l{ijkon, and deSwart in exact 3-body

calculations of BA(~H) and ●xact 4-body calclllations (If ABA for thk ~Ha - ;H

Ieodoublat. We find model A, which overhinde ~H, to overestimate ABA, Models B

al~d D appear to be conaia~ent with the experimental value of ABA (and give reason-

able ~H binding energies). We find model F, which is consistent with BA(~H), to

undareatimata ABA for the A=4 nyatem; this result la uncloratood in term~ of the

m
13



small differences between the singlet Ap and An scattering lengths and effective

ranuee in that model.

We emphasize that exact formaliam8 are required when dealing with emall

quantities euch as ABA; effective 2-body calculations have been shown to under-

estimate exact 4-body results by a factor of 2. Formalisms which treat properly

the AN-LN coupling are required to account for the E-euppresision that eeparatea

the Jn=l+ etates from the 0+ ground etates by an MeV and that produces the anoma-

lously small A-l?paration energy BA(~He).

Finally, we point out that similar AN-ZN coupling effects ehould be apparent

in the ~He and ~He decay widths. The A-Z conversion should be uninhibited in the

fomer caae leading to a broad width, wheream the T-l nature of
5
~He will require

a ‘core’ etate transition from T-O to T=l when the Z converts to a A which should

ead to an inhibited transition and corre~pondingly na -rower width.
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